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HSRD1006
I

e Single power supply
(5 V-dc nominal)
e 100 mW power dissipation
(20 ma @ 5 V)
¢ 1.3 arc-minute accuracy
» 8- and 16-bit microprocessor compatible
o 3-state latched output
(inhibit does not interrupt tracking)
¢ Built-in-Test
* Internal reference synthesizer
(for improved dynamic accuracy)
» Automatic gain control
(allows 2:1 signal variation)
¢ Pin-programmable for synchro or
resolver inputs
¢ Pin-programmable for 14-bit output
e 3600°/sec tracking rate in 14-bit mode
e TTL and CMOS compatible
¢ Analog velocity and error voltage outputs
¢ Sinale 36-pin hybrid DDIP package
. MIL-STD-883 Processing is Available
o Priced at $595/USA price
(HSRD1006-149S)

Synchro/Resolver-to-Digital Converter
Microprocessor Compatible 16-bit Hybrid

ACTUAL SIZE

Avionics systems

Antenna monitoring

Servo systems

Coordinate conversion

Fire control systems

Axis rotation

Engine controllers
Industrial control systems
Simulation

Robotics

Machine tool control systems
Solar panel control systems

The HSRD1006, packaged in a standard 36-pin DDIP hybrid,
offers the most advanced performance features that have
ever been available in Synchro/Resolver-to-Digital
Converters. Additionally it operates from a single 5 V-dc
power supply and consumes only 20 mA of current. The low
power dissipation of 100 mW not only makes the Natel
converter run cool, but it puts less strain on the user’s
power supply, thereby improving system MTBF. The
low-power consumption and added features have been
made possible by incorporating Natel designed monolithic
integrated circuits in the converter. Offering high accuracy
of £1.3 arc-minutes, the converteris pin-programmable for
both Synchro and Resolver inputs. Using a high accuracy
differential signal conditioner for the Resolver input and
resistive scott-tee for the Synchro-input, the converter
provides common mode rejection in excess of 70 dB. This
technique also permits resistor programming for
non-standard input voltages.

Model 1006 is a Type-il tracking converter with zero
velocity lag error. A programming pin is available to
increase the velocity tracking of the converter to 10 rps
(3600 degrees/sec) by operating it in the 14-bit mode. An
internal reference synthesizer permits improved dynamic

accuracy by reducing the effects of “speed voltages,” at
high rotational speeds. The accuracy of the conventer is
maintained with signal-to-reference phase shifts up to + 45
degrees. Transferring data from the 1006 is eased through
the use of a transparent latch with tri-state outputs
configured as two independently enabled 8-bit bytes. Not
only does this allow data to be read without interrupting
converter tracking, it also permits memory-mapped data
interface and control with the most popular 8- and 16-bit
microprocessors and single-board computers. Logic
inputs and cutputs are TTL and CMOS compatible at

5 V-dc. Digital data outputs can drive one 54/74 gate load or
four 54LS/74LS gate loads.

A built-in-test (BIT) feature provides a logic one when the
tracking error exceeds +1°. Monitoring of converter
dynamics is facititated through the availability of analog
signals corresponding to converter tracking velocity and
instantaneous tracking error.

An AGC (automatic-gain-compensation) circuit is
incorporated in the converter design, which allows signal
voltage variations of + 30% without any degradation in
accuracy or change in converter hysteresis.
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FIGURE 1 1006 Block Diagram

Theory of Operation

The operation of the Model HSRD1006 is illustrated in the
functional block diagram of figure 1. The HSRD1006 is a
high gain Type Il tracking converter exhibiting zero error
for a constant velocity input. The basic conversion process
consists of continuously comparing the digital output
angle (¢) and the Synchro (or Resolver) input angle (§).
An up-down counter, containing the feed-back angle, is
changed (increased or decreased) until the feed-back
angle equals the input angle. Once synchronized, the
output angle tracks the input angle continuously and the
data is always fresh and always available (except during
transitions). The input signal conditioner accepts either a
Synchro or Resolver input and converts it into low level
signals sin @ and cos @ . The feed-back loop consisting of
an error processor, voltage-controlled oscillator and a
16-bit up-down counter produces a 16-bit digital angle (9).
The input and feed-back signals are combined in a solid
state control transformer to obtain an error voltage, (e)
according to the following trigorometric identity:

st

e’ =sin(0-¢9)=sin @ cos® -cos g sine

When the error voltage goes to null, sin (9 - @) is zero, which
makes the angle # equal to the angle o . Thus, the digital
output represents the input shaft angle. The error voltage
(e) is an ac signal proportional to the instantaneous error
between the inputangle and the feed-back angle. Thiserror
voltage is synchronously demodulated with the
“synthesized reference” signal. The demodulated outputis
a dc signal proportional to the tracking error (#-»). The dc
error is integrated to produce a voltage proportional to the
converter's tracking velocity. The velocity signal (available
at pin 10) is the control input to a voltage-controllied
oscillator. The VCO output changes the up-down counter,
which contains the feed back angle, @. The up-down
counter functions as the second integrator in the tracking
loop. The output of the counter is then supplied to a
holding register and dual 8-bit tri-state buffers for

output interface.

The output interface circuit consists of a 16-bit holding
register (latches) and dual 8-bit three-state buffers. This
not only imparts a versatile interface capability (data
multiplexing on 8- or 16-bit data bus) to the HSRD1008,
but also enables the INH (inhibit) control to be used without
opening the converter loop. This feature is important since
synchro/resolver-to-digital converters typically disable the
up-down counter during data transfer causing severe
transients in the output data when the converter is
re-enabled (inhibit removed) and the tracking loop is
forced to re-synchronize.

When INH is at logic "high” or open, each clock pulse from
the VCO changes the up-down counter by 1 LSB and
triggers a one-shot to generate a 1.5-usec pulse at CB
(pin 14). The busy pulse enables the 16-bit holding register
to accept the angle data from up-down counter. When CB
goes “low,” the data is latched in the holding register.

The outputs of the holding register are buffered with two
8-bit three-state buffers with separate enable controls.
When HBE is at |ogic “low,” the8 MSBs (B1 through B8) are
enabled. When LBE is at logic “low,” the 8 LSBs____

(B9 through B16) are enabled. When HBE and/or LBE are at
logic “high” the corresponding bits are in the high
impedance state (disabled) and the data-bus sees an
essentially open line.

Note thatapplying inhibittothe converter will latch the data
in the 16-bit holding register (and will prevent it from being
updated)...but will not interfere with the continuous
operation of the conversion process.

Enable controls HBE and LBE operate only on three-state
butfers and do riot affect the converter loop.



Reference Synthesizer

To maintain the highest accuracy under both static and
dynamic conditions, the HSRD1006 utilizes a monolithic
“reference synthesizer” to correct for a phase difference
between the signal and reference inputs of up to +45°.

Conventional tracking synchro/resolver-to-digital
converters use a phase sensitive demodulator to detect the
phase and amplitude of the error voltage, sin (6-¢). A
phase sensitive demodulator rejects any resultant
quadrature signal (signal 90° out of phase) only if the
synchro input and its reference are exactly in phase. A
quadrature signal results from dynamic synchro operation
that is referred to as the “speed voltage,” and is
preportional to the shaft rotational speed. Although most
converter specifications discuss dynamic lag error, and
ignore the error due to “speed voltages,” this error is very
real. For a 60 Hz synchro with a 5° phase shift rotating at
2 rps (720°/sec), the dynamic error due to speed voltage
would be 0.17 degree or 10 arc-minutes!

Natel's model 1006 greatly reduces the effects of this error
by creating a synthetic reference. The sine and cosine
voltages from the signal conditioner are combined to
obtain an in-phase internal reference. Together with the
external reference voltage (to determine phase) this
synthesized reference is used for demodulating the error
voltage.

A BIT signal {pin 15) provides an over-velocity or fault
indication output signal. The error voltage of the converter
is monitored continuously, and when the tracking error
exceeds 1 degree (over-velocity or failure), a logic “1”
signal is generated to indicate invalid data. Under normal
operation the BIT outputis atlogic“0.” Possible conditions
that will cause the BIT output to show fault indication are:

« Power-turn-on --- BIT output will return to logic “0” when
converter synchronizes to correct input angle +1°.

« Step-input --- Instantaneous input changes greater than
+1° until the converter synchronizes.

« Synchro malfunction---one or more open stator lines or a
missing reference input.

e Converter malfunction --- any converter failure which
prevents synchronization to the input angle.

From above discussion it is apparent that the BIT output
not only serves to self-test the converter but also provides
an indication of the operation of the synchro transmission
system as well.

Improving settling time (without loss of Resolution)

Connecting the BIT output (pin15) to 14B (pin 16) provides
an interesting method for reducing settling time while
maintaining 16-bit resolution during tracking. At power
turn-on or for a large step input, the BIT output would be at
logic “high,” forcing the converter to operate in the 14-bit
mode (x4 tracking rate). As soon as the output is
synchronized to within +1° of the inputangle, the converter
automatically reverts to 16-bit mode.

This technique, also, can be used in applications where
input speeds are variable and the converter must not lose
synchronization at high-speed shaft rotations.

m Gain Compensation

An AGC circuit incorporated within the HSRD1006 allows
the converter to maintain its high accuracy over a wider
range (2 to 1) of signal amplitudes than previously possible
for synchro-to-digital converters. The hysteresis of the
converter is kept constant over this range.

in theory, the accuracy of an S/D or R/D converter is not
affected by signal amplitude variations because the
conversion process is ratiometric and therefore not
dependent on the magnitude of the input. In practice,
however, the necessity of providing hysteresis to prevent
hunting or jitter in the least significant bit (LSB) introduces
a controlied inaccuracy inthe converter. In mostanalog-to-
digital converters =0.5LSB hysteresis is introduced. In
synchro-to-digital converters this has to be increased to
approximately 0.9LSB as the error voltage is a non-linear
function [e=Ksin {0-0)] of the input shaft angle. Previous
converters derived this hysteresis level as a fixed threshold
at nominal input signal amplitude. Thus the conversion
accuracy would vary directly with synchro input signal
amplitude . . . becoming degraded for the lower amplitudes
and creating excessive jitter for higher amplitudes.

The HSRD1006 monitors the input signals continuously
and effectively modifies the gain of the error voltage as a
function of input signal amplitude.

To allow speed-vs-resolution tradeoff, the HSRD1006 can
be programmed for either 14-bit or 16-bit resolution. This
programming function is accomplished bty control 148
{pin 16). A lcgic “high” or an open pin at 14B makes the
converter operate in the 14-bit mode (bits 15 and 16 are
forced to logic “low”). A logic "low” or ground at pin 148
allows the converter to operate in the 16-bitmode. The loop
gain of the converter is automatically compensated in both
14-bit and 16-bit modes, providing stable operation in both
modes.

Although resolution is reduced in the 14-bit mode, the
tracking speed and the acceleration constantare increased
by a factor of 4 (see specifications on pages 6 and 7 for
details).

One of the most outstanding features of Model 1006 is the
single power supply requirement. The power supply
voltage range depends on the desired output logic. For
standard TTL operationthe nominal power supply required
is +5 V-dc. For CMOS logic with higher output, power
supplies of up to 9 V-dc can be used. Allinternal circuitry is
designed to operate with a power supply voltage of as low
as 4.5 V-dc. This is made possible by using high signal-to-
noise ratio amplifiers and a unique design approach. No
performance specification is sacrificed due to low voltage
power supply operation. In fact, the 1006 offers the most
advanced design features ever available in any
synchro/resolver-to-digital converter.

Operating with a 5 V-dc supply, the converter typically
requires only 20 mA of current. 100 mW of power
consumption by the converter is almost 80% less than
any other converter available today, without all the
performance features of 1006.



Analog Outputs

The analog outputs from the 1006 converters are g (pin 10)
---velocity, and e (pin 12)---the error voltage. Both g and e
outputs are referenced to bias voltage, V (pin 11)---the
internal ground. Both outputs can swing +1.5 V for power
supply voltage of 5 V-dc.

The bias voitage V is equal to % (V| -0.7). For a power
supply voltage of 5 V-dc, the bias voltage is 2.15 V-dc.

e is an ac voltage proportional to the error between synchro
input angle § and digital output angle . A 1 V-rms error
signal corresponds to an error of 1°.

6 is a dc voltage proportional to the velocity of the input
shaft angle (and output digital angle). The voltage goes
negative for increasing digital angle and goes positive for
decreasing digital angle. A 1.1 V-dc signal corresponds to
the maximum tracking rate of the converter (see
specifications on pages 6 and 7). In a closed loop servo
system, the velocity voltage output can be used in place ofa
tachometer. Scaling of both e and @ analog outputs is
independent of power supply voltage V .

The analog outputs are by-products of the technique used
in mechanizing the conversion process and are made
available. They are not closely controlled or characterized
functions.

If a bipolar signal is required for either the e or 0 output, a
difference circuit, as shown in figure 2, may be used. The
output can be scaled to a desired value by selecting the
gain of the circuit. Also if reverse polarity output is
desirable, the bias and signal connections to the difference
amplifier should be reversed.

R2

V(PINTT)

OUTFUT
(REFERRED TO POWER
SUPFLY GNDj

e{PIN 12} OR #(PIN 10)

= GAN =2
z N

FIGURE 2 Difference Circuit for Bipolar Analog Outputs

The HSRD1006 design incorporates the proven Type |l
tracking design (Ky==0) and has teen configured to provide
superior dynamic performance independent of power
supply voltage over the range of 4.5 V-dc to 9.0 V-dc.

The converter will track the input angles up to specified
tracking rates (see specifications, pages 6 and 7) with no
lag error. The acceleration constant (Ka) for the converter
is 190,000°/sec?. Both small and large signal response for
all models are shown in figure 5.

The Large Signal transient response is dependent solely on
the maximum velocity (Wmax) and the maximum
acceleration (& max) of which the converteris capable. The
large signal parameters are defined in figure 3. The
synchronizing time (tgyNng) for large signals can be
partitioned into three distinct intervals, Acceleration

time (tacc) Slew time (tg_gw) and Overshoot time (t0g).

Acceleration time is the time interval from application of the
step-input to the point at which the converter reaches its
maximum velocity.

Slew time is the time interval from the point at which
maximum velocity is obtained to the point at which the
outputangleis first equal to the input angle.

Overshoot time is the time interval from the point

at which the converter output angie first equals the
input angle (and applies constant acceleration in the
opposite direction) to the point at which the output
angle again reaches the input angle.

At the end of overshoot time, the small signal response
becomes dominant and the converter will settle to the final
value according to its smali signal transient response
function.

The Small Signal settling time (tg) is specified for step
inputs of less than 1.4 degrees. For small signal steps, the
settling time is a function of the transient response of the

converter. The transfer functions for both 60 Hz and 400 Hz
models in both 14-bit and 16-bit modes are shown infigure 4.

Typical values for all dynamic parameters for different
carrier frequencies and operating modes are given in
specifications on pages 6 and 7, under dynamic
characteristics.

(DDK =

20 max
t [4 <UEP 5 w ma
SYNC T T, Tt e

@ ax 2 O max

FIGURE 3 Large Signal (=1.4°) Response Parameters
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FIGURE 4 Transfer Functions for HSRD1006
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Dynamic Performance of HSRD1006
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PARAMETER

VALUE

REMARKS

Digital Output Resolution

16-bits (0.33 arc-minute)

Pin-programmable for 14-bits for higher tracking speed

Accuracy

+5.2 arc-minutes (option S)
x2.6 arc-minutes (option H)
+1.3 arc-minutes (option V)

Accuracy applies over operating temperature range
range and includes hysteresis

Reference Input

Voltage 20 to 150 V-rms

360 to 1000 Hz 400 Hz Models
Frequency 47 to 1000 Hz 60 Hz Models
input Impedance 200 k2 Single Ended

400 k&2 Differentiat

Common Mode Range

+250 V peak maximum

dc plus recurrent ac peak

Synchro/Resolver Inputs

Input Voltages
{Line-to-Line)

11.8 V-rms £30%
26 V-rms £30%
90 V-rms £30%.

Accuracy of the converter is maintained with +30%
variation in signal voitages

Input Impedance

Differential Line-to-GND
60 k2 30 kQ
150 k2 75 kQ
500 k2 250 k2

118 V-rms L-L. models
26 V-rms L-L. modets
90 V-rms L-L models

Impedance Unbalance

0 1% maximum

For all models

Common Mode Range

+30 V peak
+60 V peak
=180 V peak

118 V-rms mcdels
26 V-rms models
90 V-rms models

Common Mode Re;ection Ratio

70 dB minimum

dc to 1000 Mz

Harmonic Distortion

10% maximum

Without degradation in accuracy specification

Digital Inputs

CMOS transient protected

Voltage Levels
Logic 0"
Logic "1"

-03V-dcto 02V
056V to10V,

Input Currents
INH, 14B

-15 (A typical, “active” pult-up
to power supply (VL)

When not used, may be left unconnected

HBE. LBE

15 A typical “active” puli-down
to ground (GND)

When not used may be left unconnected

Digital Input Controls

Ne Logic 1" Digital output follows analog input signals

Logic 0" Output data latched in holding register.

{Does not interrupt converter tracking-loop.)

148 Logic 0" 16-bit resolution

Logic 1" 14-bit resolution
;‘E’é‘ Logic 0" 8 MSBs are enabled

Logic 1" 8 MSBs are in high impedance state of 3-state output
BE Logic 0" 8 LSBs are enabled

Logic 1" 8 LLSBs are in high impedance state of 3-state output

Digital Outputs

Logic Type

TTL/CMOS compatible

Depends on supply voltage (V)

Drive Capability
Data Bits (B1-B16)
CH

BIT

1 Standard TTL
1 Standard TTL
1LSTTL or 2 LPTTL

For 5 V-dc supply voltage




PARAMETER

VALUE

REMARKS

| Digital Outputs Continued

Data Bits (B1-B16)

Natural Binary Angle

Positive Logic

Logic 0" Output angre not changing
CB Logic 17 Output angie changing
(1.5 usec pulse for every (Leading edge initiates output change)
LSB change)
8IT Logic “0" Digital output tracking analog input
Logic 1" Fault indication (Tracking error = +1° typical)
Analog Outputs Typical values unless otherwise specified.
V (Bias Voitage) (VL—O.7)/2 +2.15 V-dc for +5 V-dc power supply

e (Error Voltage)

1 V-rms/1° of error

ac voltage referenced to V

6 (Velocity Output)

V-dc/3600° per sec
V-dc/900° per sec
V-dc/720° per sec
V-dc/180° per sec

A
1
1
1

400 Hz models/14-bit mode
400 Hz models/16-bit mode
60 Hz models/14-bit mode
60 Hz models/16-bit mode

Drive Capability

1 mA maximum

Dynamic Characteristics

Typical values unless otherwise specified.

Maximum Tracking Rate
(Error <V LSB)

10 rps (3600" per sec) minimum
2.5 rps (900° per sec) minimum
2 rps (720° per sec) minimum
0

t
t
*
+0.5 rps (180° per sec) minimum

400 Hz models/14-bit mode
400 Hz models/16-bit mode
60 Hz models/14-bit mode
60 Hz models/16-bit mode

300,000° /sec- 400 Hz models/14-bit mode
; ; 75,000° /sec” 400 Hz modeis/16-bit mode

M Acceleratio '
aximum Acceleration 12,000° /sec: 60 Hz models/14-bit mode
3,000°/sec: 60 Hz models/16-bit mode
Acceleration for 4,200°/sec? 400 Hz models/14-bit mode
1 LSB error 240° /sec’ 400 Hz models/16-bit mode
(0.0055°/16-bit mode) 170° /sec’ 60 Hz models/14-bit mode
(0.022°/14-bit mode } 10° /sec” 60 Hz models/16-bit mode
) ] 90 msec 400 Hz models/14-bit mode
Settling Time to 1 LSB 264 msec 400 Hz models/16-bit mode
(for 179° step change) 444 msec 60 Hz models/14-bit mode
1.32 sec 60 Hz models/16-bit mode
) ) 10 msec 400 Hz models/14-bit mode
Settling Time to 1 LSB 35 msec 400 Hz models/16-bit mode
(small signal step <1.4°) 45 msec 60 Hz models/14-bit mode
175 msec 60 Hz models/16-bit mode

Reference Synthesizer
Phase-shift between
Input Signals and
Input Reference

+45° Guaranteed
+60° Typical

Without any degradation of converter accuracy

Power Supply (V| )

Voltage

4.5 V-dc to 9.0 V-dc

5 V-dc +10% for TTL compatible output

Current

20 mA typical
30 mA maximum

For 5 V-dc supply

Physical Characteristics

Type 36 PIN Double DIP
0.78 x 1.9 x 0.21 inch

Size (20 x 48 x 5.3 mm)

Weight 0.6 0z (17 g) max

3 standoffs are added to the package to
insulate it from printed circuit board traces
(standoffs inciuded in 0.21inch height dimension)




Pin Designations ;

Vi Power Supply Voltage
Logic Voltage St 1 36| v,
5 V-dc (For TTL compatible output) s2| 2 35| HBE
5 V-dc to 9 V-dc (For CMOS compatible s3l| 3 34| B1
output) s4| 4 33| B2
GND Power Supply Ground 5] 5 32| B3
Digital Ground SR| 6 31| B4
R| 7 30| B5
B1 - B16 Paratlel Output Data Bits - RL| 8 29| B6
B1is MSB = 180 degrees RH| 9 28| B7
B16 is LSB = 0.0055 degree 610 27| B8
. v]n 26| B9
S1, §2, S3, S4 Input Analog Signals . el12 25| B10
Leave S4 unconnected for synchro-input iva |13 24| B11
S, SR, R Synchro/Resolver Programming-pins CB |14 23| B12
Synchro Input - connect S to SR, leave R BIT |15 22| B13
unconnected 148 | 16 21} B14
Resolver Input - connect R to SR, leave S LBE | 17 20| B15
unconnected GND | 18 19| B16
RH, RL Reference Voltage Input
. FIGURE 6 HSRD1006 Pin Assignments
¢] Velocity Output -

dc analog voltage proportional to rotational BIT
speed of the input shaft angle.
Output is referenced to bias voltage (V)

Built-in-Test -
A Logic “high” output indicates that output
is not tracking the input analog signal
Vv Bias Voltage - within £1°.
Internally regulated reference voltage

serves as reference ground for all analog 148 Output Resolution Control -

Allows 4 times tracking speed in 14 bit-mode.

outputs. Logic “low” or ground = 16-bit output
e Error Voltage - l_ogic “high™ or unponnected '14-bitoutput
ac analog voltage proportional to (Bits 15 and 16 will be at Logic “low”}
instantaneous tracking error of the [
converter. HBE High Byte Enable -
Output is referenced to bias-voltage (V) Data bits B1 through B8 are enabled (low-
- impedance state of 3-state output) when
INH Inhibit Function - HBE is set to a logic "low.” When HBE is set
A logic “low” freezes the digital angular to a logic "high,” the data bits B1 through
output. Internal loop keeps tracking the 138 are disabled (high-impedance state of
analog input. All other outputs keep 3-state output)
following the input. For continuous P
operation this pin may be left unconnected. LBE l.ow Byte Enable -
Internal active pull-up will apply V(_ to the Data bits B9 through B16 are enabled when
pin. LLBE is set to alogic “low.” When LBE is set
to a logic “high,” the data bits BS through
cB Converter Busy - B16 are disabled.
A 1.5 us pulse which occurs during .
updating of the holding register. Note: For continuous 16-bit paraliel output HBE
Output data can be transferred at the and LBE may be left open. Internal active
trailing edge of the CB pulse. pulldown to ground will apply logic “low” to
When converter output is not changing CB these pins thus enabling all data bits B1
is at logic “low.” through B16.
0] T L F= LI T o T € Twice Normal Voltage
Reference INpULS ... o . e e e e 200 V-rms
Supply Voltage (VL) ....................................................................................... +10 V-dc
Digital Inputs.................. e e e e e e et a et -0.3 V-dcto V|

ST (ol Ve LT = 3T =T £ 11U - P -65° to +135°C
When installing on or removing the converter from printed circuitboards or sockets, itis recommended that the power supply
and input signals be turned off. Decoupling capacitors arerecommended on the power supply V| . A1 uF tantalum capacitor
in parailel with 0.01 uF ceramic capacitor should be mounted as close to the supply pin (36) as possible.
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Synchro/Resolver Connections and Phasing ‘

The connections for synchro and resolver
inputs are shown in figure 7. The input
signal conditioner of the 1006 converter
can be pin-programmed to accept either
synchro or resolver inputs. In addition it
uses differential amplifiers and matched
precision resistors to provide a high
common-mode rejection ratio. This
eliminates the need for external
transformers for most applications. The
programmable input signal conditioner
performs two functions. For both synchro
and resolver format inputs it serves as a
precision attenuator reducing the
amplitude of high level ac input signals to
levels which can be processed by the
converter. For a synchro input, this
network transforms three wire synchro
information into resolver format (sinfand
cosf).

Non-standard input signal voltages are
accommodated with the addition of
external resistors connected in series with
the stator input pins. The circuit
configuration for resistor programming is
shown in figure 8. The formula for
determining the values of externai resistors
and the converter model numbers are
shown in the table. The absolute value of
the external resistors is not critical (+2%).
But . . . in order to maintain converter
accuracy, all resistors must be matched to
within 0.01%. Also, the resistors used must
have a low temperature coefficient ratio
(TCR). A ratio mismatch error of 0.1% will
cause a 2.1 arc-minute conversion error.

Asynchronous data transfer from the
HSRD1006 is shown_in figure 9. Control
functions HBE and LBE have internal pull-
down circuitry, permitting these pins to be
left open. The data is continuously
available at the output pins, but it may be
changing at any specific time. In order not
to transfer data during transition times, the
inhibit function should be used. There are
two methods available for transferring
data. One method is to monitor the CB
outputand transfer data at the trailing edge
of the CB pulse. The preferred methodis on
command signal. Set the INH input to logic
“low” for not less than 400 ns. When the
INH line goes “high,” a 1.5 us busy pulse is
generated. The 16-bits of output data may
then be transferred on the trailing edge of
CB output. For applications requiring less
than 16-bit outputs, the unused lower bits
should be left unconnected.

Resistor Programming for Non-standard Input Voltages
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6
NOT CONNECTED _7
51
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|
2
3

4
NOT CONNECTED med

ﬁ

59 HSRD1006

Eg3-51 = Vinax SIN¢

Egp-53 ~ Vmax S0 6 ¢
sin(8 -

Est.s2 * Vmax

Vmax
IN PHASE

WITH f
VRH-RL

120°)
240°)

SYNCHRO INPUTS

" goow
(DEGREES)

NOT CONNECTED =

ST HSAD1006

£53.51 7 Vimax 3N 8
Es2-54 ~ Vmax 2080

Vmax
IN PHASE

WITH f
Van-aL

~ Vmax

RESOLVER INPUTS

FIGURE 7 Synchro/Resoclver inputs

“Esz-

(DEGREES)

S4

For Input Voltages, V;, Use Model Number Resistor Value R1
{Line-to-Line)
11.8 V-rms to 26 V-rms HSRD1006 - TF 1 A R1={3Vin-35)k

26 V-rms to 90 V-rms

HSRD1006 - TF 2 A

R1=(3Vin-78)kQ

Greater than 90 V-rms

HSRD1006 - TF 9 A

R1={3Vin-270)kQ

5

6
SR
NOT CONNECTED |

51 Al 1
51
2
R2 S3 3
83
4

NOT CONNECTED

HSRO1006

SYNCHRQ INPUIT
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HSRD1006

RESOLVER INPUT

FIGURE 8 Resistor Programming for Non-Standard Inpuls

Asynchronous Data Tlransfer _
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FIGURE 9 Circuil Configuration tor Asynchronous Data Transter



Dynamic Electrical Characteristics

a = 25°C R = 200kQ Inputty tf=20ns =5V-dc C| - 50pF
CHARACTERISTIC LIMITS UNITS
MIN | TYP | MAX

INHIBIT PULSE WIDTH, tpy | 400 — - ns
DELAY TIME. tp)g - 250 400 ns
BUSY PULSE WIDTH, tpg 08 15 30 us
EﬂBLE PULSE WIDTH. tpg

(HBE OR LBE) 400 — — ns
HIGH Z TO LOGIC 1. tpzy| — 150 220 ns
HIGH Z TO LOGIC "0, tpz — 200 300 ns
LOGIC 1" TOHIGHZ. tpz| — 150 220 ns
LOGIC "0 TOHIGH Z tp 7| — 200 300 ns
TRANSITION TIMES

LOW TO HIGH. tT n — 250 375 ns
HIGH TO LOW. tTpy, — 50 75 ns

Two-Byte Data Transfer On 8-Bit Data-Bus

The circuit configuration for transferring the 16-bit output
of the HSRD1006 to an 8-bit data-bus is shown in figure 11.
Note that INH signal, a logic “low,"” is applied for the entire
data transfer cycle to prevent updating of internal holding
register (latches). After INH is applied, wait for CB to go
“low” before transferring any data. When HBE is at

logic “0,” the 8 MSBs are transferred to the data-bus. When
LBE is at logic “0" the 8 LSBs are transferred to data-bus.
Note that for the data transfer, HBE and LBE can be
applied in any order.

LBE

HBE

v ‘ l
17 35 iMSB)
34 > D,
13 g
32 Oy
3 D, 8B8IT
_ DATA BUS
30 D3 sysTem
29 » 0,
28 -+ 0,
HSRD1006 27 Dy
V6 pommmnd

1LSB)

c8

INH

[ |

3us |
MAX

DATA CHANGING | DATA STEADY |

' ,8 MSBs TRANSFEF?RED
TO DATA-BUS

400ns , |
MIN
—I—r— B LSBs TRANSFI RRED

| TO DATA-BUS
I 4(>0ns

MIN

1_1_

FIGURE 11 Digital Connections and Timing for Two-Byte Data Transter

HBE

LBE

(PI

INH

~ 50%2/
cB y,

HBE.LBE

DATA QUTPUTS [

I
DASKED LINES INDICATE |
HIGH IMPEDANCE STATE i
!
I

FIGURE 10 Inlerface Timing Diagram

The circuit configuration for transferring the output of the
HSRD1006 to a 16-bit data-bus is shown in figure 12. Apply
logic “low” to INH input. Wait for CB outputtogo “low”and
then apply a logic low to enable inputs (HBE and LBE).

Note that as socn as the inhibit is removed, updated
accurate data is latched and available for the next cycle of
data transfer. This is made possible as the INH does not
interrupt the conversion process. Only the holding register
(latches) are prevented from updating during the time INH
is at logic “low.”

Ggr—‘
17

(MSB)

16-BIT
DATA-BUS
SYSTEM

HSAD 1008

'"‘7"‘7""'47‘

~
YTYVYYY

13 14 iLSB)

INH

3us
MAX

XXXXXA XXX

DATA | para | ,paTaTRANSFERFED
CHANGING | STEADY | / TO 16-BIT DATABUS
400ns
MIN

Digital Connections and Timing for Single-Byte Data Transfer

cB

HBE, L BE

FIGURE 12
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SiNH 54L510

INHIBIT LATCH

POWER-ON RESET 5 |
ADDRESS DECODER .

5415138 —
RINH
Ao Ay Op fomd N
A, Ay D, »{ UBE
8080 CPU Ay n 5 o T
Gy —
— BUSYE
Aa 04 HSAD1006
Ass | ENABLE 5415368
c8
WR MEMR  pgo J ® B16 (LS8)
OBIN DB1 B15
HLDA DB2 B14
SYNC | SYNC Do Do D83 — B13
RDY #| RDY Dy D, o84 B12
RESET -» RESET D2 0, DBS -9— B11
a1 » 01 03 D4 DB6 @ B10
o2 v X Dy Dy DB7 [—_gp- B9
8224 D5 D B8
GENERATOR Os Dg @ 87
D
7 ®7  CONTROLLER 86
B85
5TsB | 5Ts8 [ & 84
83
B2
81(MSB)
YYVYVYTYPTYPY
| S— —
DATA-BUS TO
OTHER PERIPHERALS
AND MEMORY
FIGURE 13 HSRD1006 Interface with 8080 .. P System
SINH EQU 8000H ; ADDRESS OF INH LATCH SET SINH } /
BUSYE EQU 8003H ; ADDRESS OF BUSYE
LBE EQU 8001H , ADDRESS OF LBE !
RINH EQU 8004H ; ADDRESS OF iNH LATCH RESET m h ’
SDC IN  LXiH, INR ; POINT HAND L TO INH AND }4_3 us MAX->i 1
; SET INHIBIT LATCH —Vm {
LXIH, BUSYE ; POINT H AND L TO BUSYE CB \ !
LOOP MOV A M . LOAD BUSY STATUS |
ANI, OIH . MASK ACCUMULATOR FOR STATUS — }
JZ LOOP . TEST BUSY FOR "I LBE J |
LHLD, LBE  LOAD H AND L WITH SDC DATA !
XCHG . LOAD D AND E WITH SDC DATA HBE \ ’ !
LXIH, RINH . PCINT HAND L TO RINH AND :
. RESET INHIBIT LATCH _—
RET  RETURN TO CALLING PROGRAM RINH L/

FIGURE 14 8080/HSRD1006 Interface Timing Diagram and Subroutine

8080 CPU Interface-Design Technique =

A typical interface configuration for the HSRD1006 operating with an 8080 uP chipset is shown in figure 13. A typical
subroutine to control the data transfer sequence is illustrated in figure 14. For simplicity this example assumes that the
HSRD1006 is memory-mapped and occupies addresses 8000H through 80FFH (location 32768 through 33023). Address
lines A14 and A15 enable the address decoder and successive memory locations access the converter command functions
{(e.g. 8003 is used to enable the CB output). In this example the uP applies an inhibit set pulse (SINH) which causes the
INHIBIT LATCH to set for the duration of the data transfer. Atest loop is utilized that monitorsthe CB output of the converter.
When the CB line is detected in a logic "0” condition, a 2-byte load is executed, transferring 16 bits of data into the P's H and
L registers. Since the H and L registers must be used once more to execute the reset for the INHIBIT LATCH (RINH), ar
XCHG instruction is executed that transfers the 16 data bits to the D and E registers. The INHIBIT LATCH is then reset
and the sub-routine returns execution to the calling program.

The address decoding scheme shown in figure 13 is only one of many possible aiternatives. The use of more decoders will
allow selection of more converters for multiple synchro applications and to more conservatively allocate portions of the
memory map for memory and/or other peripherals. A 4-t0-16 line decoder, for example, could more efficiently select up to
16 HSRD1006's and/or other peripherals by decoding address lines A12 through A15 into sixteen individual select lines.
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TOP VIEW

00030 MAX g |— DOT IDENTIFIES PIN 1
(0.8) -+ 018 MAX 0.775 »
0.086 R TYP
(NOTE 5) (4.6) 0 10— 19.7) 2.2)
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MECHANICAL OUTLINE (36 PIN DOUBLE DIF)

Ordering Information m products now in 36 pin DDIP size:

* 16-bit microprocessor-compatible digital to synchro/
HSRD1006 - T F | 'IA‘ resolver converter with double buffered inputs and
Temperature Range Accuracy 1 arc-minute accuracy (HDSR2006).
S S A b 52 arcminutes * 14-bit digital-to-synchro/resolver converter that is
_ 55> G 1o +125° € V - =1.3 arc-minutes pin-compatible with existing designs with transformation
and angular accuracy improvement of a factor of 2 to 4
Frequency Range Input Signai (HDSR2504)
4 =360 Hz to 1000 Hz 1 =118 V-rms
6= 47 Hzto 1000 Hz 2= 26 V-rms Other Hybrid products to be introduced in the next six
9= 90V-rms months:
0 = Ext. Signal XFMRS . ’
5 = Ext. Signal and Reference XFMRS . L .

e 14-bit synchro/resolver-to-digital converters pin-
compatible with existing designs, but with superior
performance

e 14/16-bit multiplexed synchro/resolver-to-digital

MIL-STD-883 COMPLIANT HYBRIDS AVAILABLE convertere P y 9

Contact Natel Engineering for Delivery
e 14/16-bit SSCT with high accuracy

A wide range of applications assistance is available from Natel. Application Notes can be requested when available . . .
and Natel's applications engineers are at your disposal for specific problems.

TEL: (805) 581-3950 mATEL ENGINEERING CO.. INC.
4550 RUNWAY STREET e SIMIVALLEY, CA 93063-3493
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